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FOREWORD 


This  report  was  prepared  by  Hughes  Aircraft  Company,  Culver 
City,  California,  under  USAF  Contract  No.  AF33(6i5)-2418.  This  con¬ 
tract  was  initiated  under  project  No.  7  340,  "Non-Metallic  and  Composite 
Materials",  Task  No.  734001,  "Thermally  Protective  Plastics  and  Com¬ 
posites".  The  work  was  administered  under  the  direction  of  the  Non- 
metallic  Materials  Division,  Air  Force  Materials  Laboratory,  Research 
and  Technology  Division.  Mr.  P.  F.  Pirrung  acted  as  project  engineer. 

This  report  covers  work  from  February  1965  to  February  1966. 

Previous  work  on  this  contract  was  performed  under  USAF  Con¬ 
tract  No.  AF33(657)  8621  and  will  be  found  in  ASD  TDR  63-568,  Part  I, 
ML  TDR  64-222  and  AFML-TR-65-S4. 

Manuscript  released  by  he  authors,  March  1966  for  publication 
as  an  RTD  Technical  Report. 

This  technical  report  has  been  reviewed  and  is  approved. 


R.  G.  SPAIN,  Acting  Chief 
Plastics  and  Composites  Branch 
Nonmetallic  Materials  Division 
Air  Force  Materials  Laboratory 
Research  and  Technology  Division 
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ABSTRACT 


Precise  processing  techniques  were  used  in  preparing  new  abla¬ 
tive  plastics  composites.  This  research  involved  the  use  of  novel 
heat-resistant  resins  such  as: 

•  branched,  cross -linked  polyphenylenes 

•  para -polypheny lenes 

a  amide  -blocked  polybenzimidazole 

•  phosphonitrilic  -modified  phenolic 

•  carborane 

•  polyimide 

Novel  reinforcements  included: 

•  boron  fibers 

•  boron  nitride  fibers 

•  fused  silica  fabric  coated  with  pyrolytic  graphite 

•  polybenzimidazole  fibers 

•  rayon -silica  fabric 

•  carbon -silica  fabric 

•  sapyhire  wool  fibers 

•  silicon  carbide  fibers 

Resin  impregnation  techniques  used  in  preparing  research  speci¬ 
mens  included  spatula  coating,  dip  coating,  machine  coating  in  a 
laboratory  treater,  Buchner  funnel  impregnation  and  dry  powder  layup. 

Research  specimens  of  controlled  composition  were  prepared 
and  submitted  to  the  Air  Force  Materials  Laboratory  for  hyperthermal 
evaluation,  as  follows: 

•  pellet  specimens,  3/d  -inch  diameter  by  1/2 -inch  long. 

•  rocket  nozzle  assemblies  ASD  No.  4 

•  hot  gis  flow  specimens  of  several  types 

•  laminates,  6  x  6  x  l/8  inch 

•  laminated  squares,  2  x  2  x  1/2  inch 

•  supersonic  pipe  specimens,  1.675-inch  diameter  by 
1-1/2 -inches  long 
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INTRODUCTION 


New  polymeric  materials  and  reinforcements  have  been  developed 
in  government  and  industry  research  programs.  Many  of  these  ma¬ 
terials  offer  considerable  promise  for  use  in  high-performance  ablative 
plastics. 

The  program  objectives  are  to  select  promising  ablative  materials 
for  further  study  and  develop  suitable  fabrication  procedures  for  preparing  . 
ablative  composites  containing  these  new  materia's. 

The  work  done  during  this  12 -month  period  of  the  program  con¬ 
sisted  mainly  of  the  continued  use  of  precise  processing  techniques  in 
fab/icating  research  specimens  of  closely  controlled  composition. 

Specimens  were  produced  consistently  with  a  resin  content  within  a 
±2 -percent  range.  In  all  experiments,  all  pertinent  processing  in¬ 
formation  and  data  were  recorded  to  allow  later  duplication  of  any  test 
specimens  required  for  further  tests.  These  processing  data  can  be 
used  in  scaling  up  the  processes  if  required. 

Specimens  prepared  under  this  contract  have  been  forwarded  to 
the  Nonmetallic  Materials  Division,  Air  Force  Materials  Laboratory, 
for  subsequent  hyperthermal  evaluation. 

Newly  developed  resins  and  reinforcements,  which  are  becoming 
available  in  research  quantities,  were  used  to  fabricate  ablative  composite 
specimens.  These  specimens  will  be  subsequently  characterized  for  possi¬ 
ble  use  in  high  speed  entry  and  rocket  exhaust  environments.  Materials 
intended  for  potential  entry  environments  will  be  characterized  v'ith  an  air  arc 
neater.  This  research  is  being  performed  under  AF  33(615)1937  with  the 
Avco  Corporation,  RAD.  Rocket  nozzle  specimens  will  be  characterized 
using  a  liquid  propellant  motor  or  a  solid  propellant  motor  simulator  under 
Contract  AF  33(615)1632  with  the  Aeronutronic  Division,  Philco  Corporation. 
Hot  gas  flow  specimens  will  be  characterized  with  a  solid  propellant  motor, 
under  contract  AF  33(615)1631  with  the  Atlantic  Research  Corporation. 
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SUMMARY 


Precise  formulation  and  processing  techniques  were  used  in  the 
preparation  of  ablative  composites  of  controlled  composition  containing 
new  polymeric  materials  and  reinforcements. 

Formulating,  molding,  and  postcuring  conditions  were  varied, 
as  required,  to  produce  test  specimens  of  high  quality  from  a  wide 
range  of  resins  and  reinforcements.  New  resins  investigated  included: 

•  branched,  cross -linked  polyphenylenes 

•  para -polyphenylene  s 

•  amide -blocked  polybenzimidazole 

•  phosphonitrilic -modified  phenolic 

•  carborane 

•  polyimide 

Novel  reinforcements  included: 

•  boron  fibers 

•  boron  nitride  fibers 

•  fused  silica  fabric  coated  with  pyrolytic  graphite 

•  polybenzimidazole  fibers 

•  rayon -silica  fabric 

•  carbon -silica  fabric 

•  sapphire  wool  fibers 

•  silicon  carbide  fibers 

In  addition,  a  large  quantity  of  research  specimens  were  fabri¬ 
cated  using  standard  resins  such  as  phenolic s  or  epoxy  novolaks  and 
standard  reinforcements  such  as  Refrasil,  carbon  cloth,  or  graphite 
cloth.  In  many  cases,  a  standard  reinforcement  was  combined  with 
a  new  resin  wh’-'e  a  new  reinforcement  was  combined  with  one  of  the 
standard  resins. 

During  the  period  covered  by  this  report,  the  following  specimens 
were  prepared  and  shipped  to  Air  Force  Materials  Laboratory. 

•  71  not  gas  flow  specimens 

•  1  laminate 

•  16  laminated  squares 

•  90  pellet  specimens 

•  40  ASD  No.  4  rocket  nozzle  assemblies 

•  32  supersonic  pipe  specimens 
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GENERAL  SPECIMEN  PREPARATION  PROCEDURES 


GENERAL  DISCUSSION 

Precise  formulation  and  processing  techniques  were  developed 
and  applied  in  the  fabrication  of  ablative  composites  containing  new 
polymeric  materials  and  reinforcements.  Six  main  types  of  test  speci¬ 
mens  were  prepared  and  submitted  under  this  program: 

•  Hot  gas  flow 

Type  A  -  3.  333  x  1.  750  x  0.  5C2  ±0.  002  inch  (each 
ply  1. 750  x  0.  502  inch) 

Type  B  -  3.  333  x  1.  750  x  0.  502  ±0.  002  inch  (each 
ply  3.  333  x  1.  750  inch) 

Type  D  -  3.  333  x  2.  O00  x  0.  502  ±0.  002  inch  (each 
ply  3.  333  x  2.  000  inch) 

Type  E  -  3.  333  x  1.  750  x  0.  502  ±0.  002  inch  (molded 
from  3/8-inch  squares  of  impregnated  reinforcement) 

•  Laminates  -  6  x  6  x  l/8  inch 

•  Laminated  squares  -  2.  000  x  2.  000  x  0.  502  ±0.  002  inch 

•  Pellet  specimens  -  0.  750  inch  in  diameter  x  0.  502 
±0.  002  inch  long 

•  Rocket  nozzle  assemblies  -  ASD  No.  4 

•  Supersonic  pipe  specimens  -  1.675  inch  diameter  x 
1.5  inch  minimum 

A  complete  description  of  all  test  specimens  fabricated  and 
delivered  during  the  period  covered  by  thi6  report  is  given  in  the 
fifteen  tables  in  the  Appendix. 

Tables  1,  2,  3,  4,  5  and  6  give  density,  Barcol  hardness,  compo¬ 
sition  and  a  brief  description  of  hot  ga6  flow  specimens,  laminates, 
laminated  squares,  pellet  specimens,  rocket  no2.zles  and  supersonic 
pipe  specimens. 

Table  7  lists  all  specimens  by  increasing  test  specimen  data 
sheet  number.  It  also  gives  the  specimen  type,  material  codes,  and 
other  information  such  as  the  date  requested  and  shipped. 

Table  8  list6  all  test  specimens  according  to  type  of  reinforce¬ 
ment.  Table  9  lists  all  test  specimens  according  to  type  of  resin. 

Tables  10,  11,  12,  13,  14  and.  15  give  the  fabrication  details  for 
hot  ga6  flow  specimens,  laminates,  laminated  squares,  pellet  specimens, 
nozzles  and  miscellaneous  moldings. 
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Table  16  lists  Material  Sources  for  resins,  reinforcements  and 
filler  used. 

The  composition  of  the  test  specimens  was  maintained  in  almost 
all  cases  within  the  range  of  ±2  weight-percent  of  the  required  nominal 
composition.  This  was  done  by  carefully  controlling  each  step  of  the 
fabrication  process  from  the  initial  coating  of  the  reinforcement  to  the 
final  postcure  of  the  molded  or  laminated  composite.  Past  experience 
was  used  in  making  allowance  for  the  weight  loss  (change  in  composi¬ 
tion)  of  the  coated  reinforcement  which  takes  place  upon  drying, 

B -staging,  curing  and  postcuring. 

All  reinforcements  except  glass  and  Refrasil  were  oven-dried 
two  to  three  hours  at  240 #F  prior  to  coating  with  resin.  All  subsequent 
calculations  were  based  on  this  dry  reinforcement  weight.  Carbon  and 
graphite  cloth  have  been  found  to  lose  as  much  as  10  weight -percent 
on  drying. 


TYPES  OF  IMPREGNATION 


Several  methods  of  impregnating  the  reinforcements  were  used: 

•  Spatula  coating 

•  Dip  coating 

•  Soaking 

•  Dry  powder  layup 

•  Machine  coating  in  a  laboratory  coater 
Spatula  Coating 

This  method  of  impregnation  was  only  on  cloth.  Fabric  is  cut 
to  a  size  sufficijnt  to  allow  the  blanking  or  cutting  out  of  the  proper 
number  of  plies  for  the  molding.  The  dry  cloth  is  weighed  and  laid 
out  on  a  piece  of  cellophane.  The  proper  amount  of  resin  is  weighed 
out  and  thinned,  if  necessary,  to  coating  consistency.  The  resin  is 
poured  over  the  fabric  and  uniformly  distributed  over  the  cloth  with 
a  spatula.  The  impregnated  material  is  dried  on  the  cellophane  for 
15  to  20  minutes,  then  hung  up  to  dry  for  about  one  hour  at  room 
temperature.  After  drying  at  160 °F  for  20  to  60  minutes,  the  cloth 
is  weighed  and  the  resin  content  calculated.  Excess  resin  is  removed 
by  wiping  the  surfi.ce  with  a  paper  tissue  soaked  in  thinner.  However, 
if  additional  resin  is  reeded,  it  is  added  to  the  backside  of  the  cloth 
and  uniformly  distributed  by  a  spatula.  When  the  desired  resin  content 
is  reached,  the  fabric  is  "B1'  staged  to  form  a  prepreg.  The  final 
resin  content  is  then  calculated  from  the  final  coated  weight. 


Dip  Coating 


This  method  of  impregnation  is  used  only  on  cloth.  A  weighed 
piece  of  dry  cloth  is  passed  through  a  small  dipping  tray  repeatedly 
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until  the  required  amount  of  resin  is  obtained.  The  cloth  is  allowed  to 
dry  after  every  fourth  dip  when  a  large  number  of  dips  are  required. 
The  drying  time,  from  5  to  30  minutes,  depends  on  the  resin  system. 
Dip  coating  is  usually  used  in  place. of  spatula  coating  under  the  follow¬ 
ing  circumstances: 

•  With  solutions  containing  small  percentages  of  resin 
solids 

•  With  viscous  resin  solutions  with  large  amounts  of 
thinner  added  to  obtain  satisfactory  coating  properties 

•  When  coating  carbon  or  graphite  cloth  with  a  solution 
containing  a  high  percentage  of  resin  solids.  These 
types  of  cloth  tend  to  powder  when  spatula  coated  with 
a  solution  with  a  high  solids  content 

When  the  correct  resin  content  is  obtained,  the  cloth  is  "B" 
staged  and  the  final  resin  content  is  calculated  as  indicated  above. 


Soaking 

This  method  is  used  with  yarns,  filaments,  or  fibers  which  wet 
readily,  The  dry  material  is  placed  in  a  beaker  and  a  thinned  resin 
solution  containing  a  weighted  amount  of  resin  solids  is  added.  The 
reinforcement  is  allowed  to  soak  for  60  minutes  in  air  before  the  excess 
solvent  is  removed  by  evaporation  under  vacuum.  After  drying  in  an 
oven  at  160°F  for  60  minutes,  the  resin  content  of  impregnated  rein¬ 
forcement  is  calculated  from  the  increase  in  weight. 

The  resin  content  of  the  pref  reg  is  increased  or  decreased  when 
required,  by  pouring  additional  ream  or  solvent  over  the  material  or 
filtering  off  the  excess.  The  material  is  "B"  staged  after  obtaining  the 
proper  resin  content. 

A  slight  modification  of  this  method  is  referred  to  as  Buchner 
funnel  impregnation.  The  dry  material  is  placed  on  a  piece  of  filter 
paper  (Whatman's  No.  4  or  equivalent)  in  a  Buchner  funnel.  A  thinned 
resin  solution  is  poured  into  the  funnel  and  the  material  soaked  for  five 
minutes.  Excess  resin  is  then  removed  by  vacuum  filtration. 


Dry  Powder  Layup 

Cloth  cannot  be  impregnated  when  the  resin  used  is  a  dry  insoluble 
powder.  Specimens  are  prepared  by  sprinkling  resin  between  plies  of 
reinforcement.  First,  pieces  of  cloth  are  blanked  into  plies  and  when 
required  are  dried  in  an  oven  at  300 #F  for  one  hour.  A  calculated 
amount  of  resin  is  sprinkled  between  plies  with  each  addition  of  resin 
and  cloth  being  weighed  on  an  analytical  balance.  The  resin  and  rein¬ 
forcement  are  weighed  into  a  preform  holder  and  transferred  into  the 
cold  mold  prior  to  molding. 
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Machine  Coating 


* 


The  laboratory  coater  is  used  to  coat  relatively  large  amounts 
(10  to  100  square  feet)  of  fabric  (Figure  1).  Besides  saving  time  over 
spatula  or  dip  coating,  this  procedure  results  in  a  more  uniform  pre- 
preg.  The  resin  varnish,  thinned  to  coating  consistency  with  a  suitable 
solvent,  is  poured  into  the  coater  diptank.  A  roll  of  dried,  weighed 
cloth  with  a  maximum  width  of  12  inches  is  placed  in  the  coater.  The 
coater  speed  can  be  varied  from  almost  zero  to  .28  inches  per  minute. 
The  total  travel  distance  inside  the  coater  is  59  inches.  The  tempera¬ 
ture  inside  the  coater  can  be  controlled  from  room  temperature  to  over 
400°F.  The  temperature  and  speed  are  maintained  so  as  to  yield  coated 
cloth  suitably  dried  and  with  the  desired  degree  of  advancement.  The 
average  resin  content  is  determined  by  weighing  the  coated  cloth. 
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FABRICATION  PROCEDURES 

Fabrication  procedures  for  each  type  of  specimen  are  given  in 
the  following  sections. 

HOT -GAS  FLOW  SPECIMENS 

!  Type  A  hot-gas  flow  specimens  are  machined  from  3-1/2  x 

1-7/8  x  1-1/2  inch  laminated  moldings,  two  specimens  per  molding. 

Types  B  and  D  specimens  are  machined  from  laminates  Type  E 
specimens  are  machined  from  3-1/2  x  1-7/8  x  1-1/2  inch  moldings  of 
3/8-inch  squares  of  impregnated  cloth,  two  specimens  per  molding. 

The  prepregs  for  molding  Type  A  hot -gas  flow  specimens  are 
prepared  by  spatula  or  dip  coating.  After  "B"  staging,  the  material 
is  .t  into  approximately  1-1/2  x  1-7/8  inch  pieces  using  a  blanking 
die.  Groups  of  about  15  plies  are  stacked  on  pieces  of  aluminum  foil 
and  warmed  for  20  minutes  in  a  160°F  oven.  A  preforming  tool  is 
heated  to  170  "F  in  a  press.  All  plies  are  placed  in  the  preforming 
mold  and  pressure  applied  using  a  C -clamp.  The  preform  is  allowed 
to  cool  under  pressure. 

Preformed  material  was  molded  in  the  hot-gas  flow  mold  using 
the  molding  conditions  listed  in  Table  10.  After  postcure,  the  blank 
was  cut  in  half  using  a  diamond  bandsaw  and  machined  to  final  dimensions. 

Type  B  and  D  specimens  are  machined  from  laminates  at  least 
5/ 8 -inch  thick.  Each  laminate  is  sufficiently  large  to  allow  the  machin¬ 
ing  of  the  required  number  of  specimens.  The  laminates  were  molded 
using  "B"  staged  prepreg  and  the  molding  conditions  listed  in  Table  10. 
Specimens  were  rough  cut  prior  to  postcure  to  minimize  the  possibility 
of  "blow-up".  Diamond  tools  were  used  to  machine  the  postcured  pieces 
to  final  dimension. 

Fabrication  procedures  for  Type  E  specimens  are  fully  described 
in  Specific  Specimen  Procedures. 

LAMINATES 

,  When  molding  laminates,  the  "B"  staged  prepreg  is  cut  into  the 

proper  size  squares,  randomized,  stacked  and  wrapped  in  cellophane. 

The  resulting  layup  is  placed  between  1/8-inch  aluminum  or  1/ 16-inch 
stainless  steel  cauls  and  loaded  into  the  press.  Laminates  were  cured 
using  the  molding  conditions  listed  in  Table  11.  After  postcure,  the 
final  resin  content  is  determined.  The  laminate  is  then  trimmed  and 
squared  by  sawing  with  a  diamond  bandsaw.  Finally,  the  density  is 
•  calculated  from  the  dimensions  and  weight  of  the  specimen. 
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JLAivIIN ated  squares 


Fabrication  procedures  for  laminated  squares  are  the  same  as 
those  for  hot-gas  flow  specimens,  types  2  and  D.  Laminates  were 
molded  and  postcured  using  the  conditions  listed  in  Table  12. 

PELLET  SPECIMENS 

When  sufficient  material  is  available,  pellet  specimens  are  mach¬ 
ined  from  cylindrical  moldings  either  2  inches  or  3-1/2  inches  in  diameter 
The  parts  are  usually  molded  at  least  5/8-inch  thick  to  ensure  sufficient 
material  for  machining.  Individual  pellets  are  molded  when  not  enough 
material  is  available  for  molding  the  larger  discs.  Pellet  specimens 
machined  from  the  larger  discs  would  be  expected  to  vary  only  slightly 
in  composition  compared  with  specimens  individually  molded.  Before 
molding  a  large  disc,  a  3/4-inch  diameter  pellet  is  made  to  determine 
the  molding  characteristics  of  the  prepreg.  The  charge  weight  for  the 
large  disc  is  then  calculated  using  the  following  formula: 


Charge  we  igkt 
of  large  disc 

\3/4 -inch  disc  /  \3/4 -inch  disc 


The  number  of  plies  needed  to  mold  a  laminated  disc  is  calculated 
by  first  averaging  the  weights  of  five  plies.  The  charge  weight  is  then 
divided  by  the  average  weight  per  ply  for  the  answer. 

Discs  were  molded  and  postcured  using  the  conditions  listed  in 
Table  13.  The  density  is  determined  from  the  dimensions  and  weight. 
Pellet  specimens  are  cut  from  large  discs  using  a  diamond  bandsaw  and 
all  specimens  are  machined  to  final  dimensions  using  a  Carboloy  cutter. 

ROCKET  NOZZLE  SPECIMENS 

The  ASD  No.  4  rocket  nozzle  assembly  consists  of  a  nozzle  insert 
bonded  into  a  molded  phenolic  housing  as  shown  in  Figure  2.  All  of  the 
nozzle  inserts  fabricated  during  this  report  period  were  reinforced  with 
fabric  plies  perpendicular  to  the  nozzle  axis  and  were  machined  from 
blank  moldings  or  laminates  with  the  exception  of  the  Imidite  1850 
nozzles  (see  Specific  Specimen  Preparation  Procedures). 

The  method  used  to  fabricate  the  nozzle  insert  blanks  depended 
on  the  type  of  resin.  Whenever  possible,  a  high  density,  cylindrical 
blank  was  molded  under  high  pressure  in  a  compression  mold  (Figure  3). 
Some  resin  systems  could  not  be  cured  while  confined  in  a  closed  mold 
due  to  the  release  of  excess  volatiles  which  resulted  in  blistering  and 
delamination.  Materials  containing  such  resins  were  laminated  in  an 


Diameter  of' 
larj.e  disc  , 


Desired  thickness 
,  of  large  disc  ; 


I  Weight  of  ' 
13/4  -inch  disc , 


/  Diameter  of  /Thickness  of  \ 


NOZZLE  INSERT  OO  MACHINE  FOR  SLIDE  FIT  INTO  MOLOEO  HOUSING 

INSERT  BONDED  INTO  HOUSINS  WITH  HAPEX  ISOS  (CATALYST  IEIS  14  PMS),  CURE  I  HOUR  AT  ROOM  TEMP 
I  HOUR  AT  200* F 


Figure  2 


Figure  3.  Molding  of  nozzle  insert  blank 


open  laminating  fixture  which  allowed  the  escape  of  excess  volatiles 
during  cure  (Figure  4).  Occasionally,  it  was  necessary  to  fabricate 
a  series  of  nozzle  inserts  and  other  specimens  with  virtually  the  6ame 
composition;  the  variation  in  resin  content  from  molding  to  molding  was 
onsidered  unacceptably  large.  In  this  case,  all  of  the  required  speci- 
nens,  including  the  nozzle  insert,  were  machined  from  a  single,  large, 
1/2 -inch  thick  laminate.  The  nozzle  insert  blank  was  made  by  bonding 
together  several  pieces  to  give  a  blank  of  the  required  thickness. 

The  nozzle  housings  were  molded  from  MX2625,  a  heat-resistant, 
silica  fiber  and  mineral -filled  phenolic. 

Nozzle  inserts  were  molded  and  postcured  using  the  conditions 
listed  in  Table  14.  All  of  the  internal  dimensions  of  the  inserts  are 
machined.  First,  a  15/32 -inch  pilot  hole  is  drilled  using  a  tungsten 
carbide  tool.  The  final  configuration  is  then  machined  to  the  ASD  No.  4 
dimensions.  A  diamond  tool  on  a  tool  post  grinder  is  used  for  machining. 

The  density  of  the  finished  insert  i6  determined  by  comparing  its 
weight  with  that  of  an  insert  of  known  density  molded  from  general  pur¬ 
pose  phenolic. 

Nozzle  inserts  and  nozzle  housings  are  bonded  together  using 
Hapex  1208*  containing  14 -percent  hardener.  The  bond  is  cured  one 
hour  at  room  temperature  and  one  hour  at  200  °F. 

SUPERSONIC  PIPE  SPECIMENS 

Supersonic  pipe  specimens  are  cylinders  1.  675  inches  in  diameter 
and  1.  5  inches  ir  height.  These  cylinders  consist  of  plies  of  impregnated 
cloth  either  melded  in  the  rocket  nozzle  mold  or  machined  from  blocks 
molded  in  the  laminating  fixture.  Supersonic  pipe  specimens  were 
molded  and  postcured  using  the  conditions  listed  in  Table  15.  They  were 
rough  cut  using  a  diamond  bandsaw  and  when  required,  were  machined 
to  final  dimensions  using  a  CarboJvy  cutter. 


♦Hastings  Plastics,  1704  Colorado  Blvd.  ,  Santa  Monica,  California. 


SPECIFIC  SPECIMEN  PREPARATION  PROCEDURES 


Certain  specimens  were  fabricated  by  methodb  other  than  described 
in  the  previous  section.  Detailed  procedure  are  listed  below  and  are 
grouped  according  to  similarity  of  preparation. 

•  Rocket  Nozzle 

Imidite  1850-181-112  E  Glass  Cloth 

The  molding  material  consisted  of  181-112  E  glass  cloth  coated 
with  Imidite  1850  (resin  content  of  47.7  weight-percent)  chopped  into 
1/2  inch  squares,  A  charge  weight  of  140  grams  was  placed  in  the 
nozzle  insert  mold  heated  to  a  temperature  of  600°F.  The  material 
was  held  at  contact  pressure  for  30  seconds,  after  which  time  the  pres¬ 
sure  was  increased  slowly  to  500  psi.  After  maintaining  the  pressure 
at  500  psi  for  15  minutes,  it  was  increased  to  5000  psi.  The  temperature 
was  increased  at  the  same  time  to  700  °F.  Finally,  the  part  was  cured 
for  three  hours  at  700  °F,  cooled  to  200  “F  under  pressure  and  removed 
from  the  mold. 

The  resin  content  of  the  nozzle  insert,  as  molded,  was  19.  5  weight- 
percent.  The  part  looked  good  in  general.  However,  the  thin  area  at  the 
aft  end  was  resin  rich  due  apparently  to  the  extreme  fluidity  of  the  resin 
during  the  initial  application  of  pressure.  This  caused  disproportionation 
of  the  resin  and  reinforcement  to  take  place. 

Th  ;  nozzle  insert  was  cut  into  two  sections.  One  -  "ion  was  de¬ 
livered  in  person  to  the  Air  Force  Materials  Laboratory  i  ject  Engineer. 

The  other  section  of  the  nozzle  insert  was  post-cured  as  follows: 

24  hours  each  at  temperatures  of  600°,  650°,  700°  and  7f0°F,  eight 
hours  at  800°F  and  three  hours  at  700°F.  During  the  postcure  cycle, 
the  insert  was  enclosed  in  an  envelope  made  from  thin  sheet  aluminum 
through  which  was  passed  a  slow  stream  of  dry  nitrogen.  From  the 
appearance  of  the  post-cured  nozzle  section,  it  was  apparent  that  air 
was  nr;  effectively  excluded  during  postcure.  In  some  areas,  the  cured 
plastic  matrix  was  burned  away  completely  to  the  first  layer  of  glass 
fibers.  The  molded  section  was  not  weighed  prior  to  post-curing,  so 
no  estimate  of  the  weight  loss  upon  poBt-curing  and  the  final  resin  con¬ 
tent  could  be  made. 

•  Rocket  Nozzle 

Data  Sheet  No.  17  3  Imidite  1850  -  Refrasil  Cloth 

C 100 -48 

Attempts  were  made  in  the  preliminary  raiding  0[  imidite  1F50  nozzles 
to  mold  inserts  of  uniform  overall  appearance  with  a  resin  content  reasonably 
close  to  35  weight-percent.  The  molding  material  was  Imidite  1850  resin 
impregnated  on  181-112  fiberglass  in  the  form  of  l/2-inch  chopped  squares. 
During  molding,  large  quantities  of  volatile  constituents  were  evolved  and 


considerable  flow  took  place.  The  resin  content  as  molded  was  approximately 
20  weight-percent  in  all  cases,  although  the  contact  time  varied  from  3  0 
seconds  to  four  minutes. 

In  the  molding  of  the  Imidite  1850 -chopped  Refrasil  nozzle  insert 
K-l-1,  the  final  resin  content  after  postcuring  was  27.4  weight -percent. 

This  somewhat  higher  value  for  the  resin  content  can  probably  be  attri¬ 
buted  to  the  somewhat  lower  density  of  the  Refrasil  C100-48  (2.  10  gm/ 
cc)  compared  with  that  of  the  E  glass  cloth  (2.  57  gm/cc).  With  material 
which  contains  approximately  40  weight -per  cent  resin  solids,  it  is  not 
possible  to  mold  inserts  with  a  desired  resin  content  of  35  weight -per  cent. 
However,  with  the  use  of  coated  material  containing  considerably  more 
resin  solids  along  with  some  modification  of  the  molding  process,  mold¬ 
ings  with  a  higher  resin  content  can  be  molded. 

The  Imidite  1850-Reu  -tsil  nozzle  insert  was  postcured  using  the 
cycle  listed  in  Table  14.  Tr, specimen  was  enclosed  in  an  envelope 
made  from  thin  sheet  aluminum  through  which  was  passed  a  slow  stream 
of  dr/  nitrogen  gas.  Apparently,  air  was  excluded  fairly  effectively 
during  postcure  since  only  moderate  darkening  took  place.  No  evidence 
of  resin  burning  away  from  the  Refranil  cloth  could  be  seen. 

•  Pellet  Specimens 

•  Data  Sheet  No.  235  91  ED  Resin-Polvbenzimidazole 

Fibers 

•  Data  Sheet  No.  236  91LD  Resin-Polvbenzimidazole 

Fibers 

The  specimens  submitted  uning  polybenzimidazole  fibers  and  91LD 
resin  were  prepared  in  the  following  manner.  The  first  lot  of  yarn  to  be 
impregnated  was  oven  dried  at  240  °F  for  two  hours.  Some  yarn  was 
then  weighed  on  an  analytical  balance  within  30  seconds  after  its  removal 
from  the  desiccator.  After  obtaining  the  weight,  the  yarn  was  transferred 
to  a  piece  of  filter  paper  in  a  Buchner  funnel,  it  was  then  impregnated 
v/ith  91IiD  resin  diluted  with  acetone  and  after  a  few  minutes  soak,  the 
resin  was  removed  by  drawing  a  vacuum.  After  an  oven  dry  at  160°F 
for  30  minutes,  the  yarn  was  "B"  staged.  The  first  three  pellets  were 
molded  and  then  olaced  in  the  standard  postcure  (18  hours  at  275%  72 
hours  from  275*  to  400%  4  hours  at  400%  and  7  hours  cooling  to  200*F). 

All  three  pellets  were  severely  blistered  upon  removal. 

Three  more  pellets  were  tlv*n  molded  and  postcured  over  a  longer 
period  with  a  much  more  gradual  rise  time,  (18  hours  at  275 °F,  170 
hours  from  275®  to  400°F,  four  hours  at  400°F  and  seven  hours  cooling 
to  ?0Q“F).  These  pellets  had  concave  surfaces  due  to  excessive  shrinkage. 

The  remaining  fibers  themselves  were  then  subjected  to  the  second 
poatcure  cycle.  Upon  reweighing  after  cooling,  they  were  found  to  have 
lost  10.  4  percent  of  their  original  dry  weight. 


The  postcured  fibers  were  then  vacuum  impregnated,  dried  and 
"B"  staged  as  described  above  and  new  pellet  specimens  molded.  After 
molding  the  45  weight -percent  specimens,  a  35  weight -percent  pellet 
was  molded.  During  the  molding  of  the  second  35  weight -per  cent  pellet, 
it  was  fourd  there  was  insufficient  flow  (probably  due  to  advancing  the 
resin  too  far  during  "B"  staging).  This  resulted  in  a  third  part  in  the 
45  weight  -percent  range.  Before  the  four  pellet  specimens  containing 
the  postcured  fibers  could  be  postcured  they  were  inadvertently  shipped 
to  Air  Force  Materials  Laboratory. 


Also  included  in  this  shipment  for  whatever  value  it  might  have 
was  a  molded  pellet  which  contained  only  26.4  weight-percent  of  9ILD 
resin. 

•  Pellet  Specimens 


• 

Data  Sheet  No. 

331 

91LD  -  Sapphire  Wool  Fibers 

• 

Data  Sheet  No. 

333 

91LD  -  Silicon  Carbide  Wool 

• 

Data  Sheet  No. 

334 

91LD-SC-70  Silicon  Carbide  Fiber 

• 

Data  Sheet  No. 

335 

91LD-T-70  Fiber  Crystals 

A  weighed  amount  of  fibers  were  soaked  in  a  resin -acetone  mixture 
under  atmospheric  conditions  for  at  least  one  hour.  After  soaking,  the 
container  was  placed  under  vacuum  to  remove  the  entrapped  air  which 
prevents  complete  coating  of  the  fibers.  After  an  hour  under  vacuum, 
the  acetone  completely  boiled  off.  The  coated  fibers  were  air  dried, 
oven  dried  and  "E"  staged.  Sufficient  material  was  not  available  for  a 
two-inch  diameter  disc.  Individual  pellets  were  molded  in  the  3/4-inch 
diameter  disc  mold  using  conditions  list  id  in  Table  13.  After  postcure, 
the  pellets  were  machined  to  required  thickness. 

•  Pellet  Specimens  and  Rocket  Nozzle 

•  Data  Sheet  No.  336  91LD  -  Rayon  Fabric 

•  Data  Sheet  No.  337  91LD  -  Rayon  Fabric 

•  Data  Sheet  No.  389  91LD  -  Rayon  Silica  Fabric 

Rayon  and  rayon  silica  fabrics  received  from  Air  Force  Materials 

Laboratory  contained,  a  finish  which  volatilized  at  postcure  temperatures. 
An  accurate  resin  content  could  not  be  determined  until  this  substance 
was  removed.  Cloth  was  soaked  in  toluene,  dried  and  weighed  until  a 
constant  weight  was  obtained.  Pellet  specimens  and  a  rocket  nozzle 
were  then  fabricated  using  general  procedures.  (See  also  "Unsuccessful 
Experiments",  Data  Sheet  Nos.  338  and  339.) 

•  Rocket  Nozzles,  Laminated  Square  Specimens  and  Pellet 

Specimens 

•  Data  Sheet  Nos.  340,  Imidite  4834 
343,  346  and  349 

(Nozzles) 


Imidite  4824 


•  Data  Sheet  Nos.  341, 

344,  347  and  350 

( Laminates) 

•  Data  Sheet  Nos.  342,  Imidite  4834 

345,  348  and  351 

(Pellets) 

Narmco  Materials  Division  preimpregnated  the  Imidite  1850  resin 
system  on  carbon  cloth  CCA-1  and  designated  the  material  Imidite  4834. 
Eight-ply  laminates,  four  by  six  inches,  were  fabricated  to  determine  the 
optimum  molding  conditions.  Contact  time  is  the  major  difference  in 
molding  Imidite -carbon  cloth  and  Imidite  -glas  s  cloth  laminates.  Car¬ 
bon  cloth  needs  only  15  minutes  while  glass  cloth  requires  60. 

Imidite  4834  was  received  from  Narmco  in  two  shipments,  each 
with  a  different  resin  content.  Plies  from  each  shipment  were  alter¬ 
nated  luring  layup  of  the  laminate.  The  laminate  was  molded  and 
postcured  using  conditions  listed  in  Table  11. 

Four  nozzles  were  machined  from  blanks  prepared  by  bonding 
several  pieces  of  laminate  together  as  follows: 

Four  pieces  of  0.  630  inch  thick  laminate,  approximately  2x2 
inches  were  prepared  for  bonding  by  sandblasting  the  faying  surfaces. 

Two  pieces  were  sandblasted  on  both  sides,  two  on  one  side  only. 

The  four  pieces  were  stacked  together,  the  top  and  bottom  surfaces  of 
♦he  stack  being  the  surfaces  which  were  not  sandblasted.  One  piece 
of  prepreg  was  inserted  between  each  pair  of  faying  surfaces.  The 
stack  was  wrapped  in  several  layers  of  aluminum  foil  to  immobilize 
it  and  then  bonded  in  a  press  using  the  following  conditions: 

•  Temperature  700’F 

•  Pressure  1250  psi 

•  Cure  time  180  minutes 

The  block  was  cooled  to  below  200#F  before  removing  from  the 
press.  Eight  laminated  squares,  2  x  2  x  0.  502  inches  and  eight  pellets, 

0.  750  x  0.  502  inches  were  machined  from  the  remainder  of  the  laminate. 

Four  groups  of  specimens  consisting  of  two  pellets,  two  lami¬ 
nates  and  one  rocket  nozzle  were  impregnated  as  requested  with  the 
following  resins: 

•  Sylgard  182  (100  pbw  Sylgard  resin  catalyzed  with 
10  pbw  Sylgard  182  curing  agent) 

•  R-7146  (100  pbw  R-7146  resin  catalyzed  with  3  pbw 
dicumyl  peroxide) 

•  DEN  438  (100  pbw  DEN  438  resin  catalyzed  with  100  pbw 
of  methyl  nadic  anhydride  and  1  pbw  of  benzyldimethyl- 
amine 
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•  QZ8-0903  (100  pbw  QZ8-0903  catalyzed  with  102  pbw 

methyl  nadic  anhydride  and  1  pbw  of  benzyldimethylamine) 

Specimens  were  impregnated  twice,  each  cycle  being  performed 
as  follows: 

•  Air  was  removed  from  the  catalyzed  resin  under  vacuum. 

•  Specimens  were  placed  in  a  container  and  put  under  vacuum 
for  four  hours. 

•  Catalyzed  resin  was  added  to  the  container,  under  vacuum, 
until  the  specimens  were  immersed.  The  parts  were  soaked 
until  all  bubbling  stopped  and  the  resin  became  clear  (approxi¬ 
mately  three  hours). 

«*  Specimens  were  removed  from  the  vacuum  and  placed  in  a 
pressure  pot  for  three  hours  at  850  psi. 

•  Specimens  were  removed  from  the  pressure  pot  and  excess 
resin  removed  by  wiping  with  an  acetone -soaked  tissue. 

•  The  impregnated  spe  .imens  were  cured  at  atmospheric 
pressure  for  four  hours  at  150°F,  one  hour  at  212°F  and 
one -half  hour  at  300  "F, 

•  Pellet  Specimens 

•  Data  Sheet  No.  352  Polyphenylene  Sulfide  -  Refrasil 

cloth-carbon  black 

Polyphenylene  sulfide  pellets,  reinforced  with  carbon  cloth  and 
containing  35  and  45  weight -percent  resin,  were  molded  successfully. 
However,  the  polyphenylene  sulfide  resin  did  not  cure  in  combination 
with  Refrasil.  The  Air  Force  project  engineer  suggested  adding  car¬ 
bon  black  as  a  resin  catalyst.  A  resin  mixture  was  prepared  contain¬ 
ing  1  percent  carbon  black  452-00156  by  grinding  the  powder  into  the 
resin  with  a  mortar  and  pestle.  Three  3/4 -inch  diameter  pellets  were 
successfully  molded  using  dry  powder  layups  heated  to  temperature 
by  a  red  hot  muffler  heater  around  the  cold  mold.  The  reason  is  not 
known  for  the  failure  of  the  polyphenylene  sulfide -Refrasil  composite 
to  cure  without  carbon  black.  Inhibition  of  the  cure  by  the  Refrasil 
or  catalysis  of  the  cure  by  the  carbon  are  possible  causes. 

•  Pellet  Specimens  and  Rocket  Nozzle 

•  Data  Sheet  No.  373  Chrome-P -Refrasil  cloth  C100-48 

•  Data  Sheet  No.  374  Chrome-P -Refrasil  cloth  C100-48 

•  Data  Sheet  No.  375  Chrome-P -carbon  cloth  CCA-1 

Chrome-P  resin  composites  were  fabricated  using  general  pro¬ 
cedures.  However,  two  molding  temperatures  were  used.  Initially, 
the  composites  were  held  at  contact  pressure  for  15  minutes  at  180°F. 
During  this  period  considerable  resin  flow  occurred.  Following  resin 
gelation,  pressure  was  gradually  applied.  After  two  hours,  the  tem¬ 
perature  was  raised  to  250  eF  and  held  for  five  hours. 
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The  discs  were  postcured  using  the  manufacturer's  recommenda¬ 
tions.  The  schedule  consists  of  postcuring  for  one  hour  per  inch  of 
thickness  at  150°,  200°,  250°,  300°  and  350°F.  Two  hours  at  400°F, 
per  inch  of  thickness  completes  the  postcure. 


Rocket  Nozzles 
®  Data  Sheet  No. 


AFR-151  -  carbon  cloth  CCA-1 


Two  AFR-151 -carbon  cloth  nozzles  were  successfully  molded 
using  a  method  combining  preimpregnated  cloth  with  a  dry  powder 
layup.  These  materials  were  received  90  percent  advanced  from 
Narmco  Materials  Division  which  has  now  designated  this  resin  as 
Imid'te  2603.  Extraction  from  the  prepreg  showed  the  cloth  contained 
44.  2  weight -percent  resin  as  received.  However,  a  resin  content  of 
46  weight -percent  before  molding  was  desired. 

After  blanking  and  randomizing  the  plies,  5  gm  of  powdered  resin 
was  equally  distributed  between  the  plies  of  each  specimen  being  layed 
up.  The  layups  were  molded  in  a  rocket  nozzle  mold  at  600  °F  for  60 
minutes  followed  by  120  minutes  at  700°F  The  standard  Imidite  post¬ 
cure  recommended  by  Narmco  was  used  to  postcure  all  the  nozzle 
blanks.  This  postcure  is  not  satisfactory  for  thick  laminates  since 
two  molded  blanks  blew  up  during  this  cycle.  A  longer  time  at  each 
temperature  might  eliminate  this  problem/- 

•  Rocket  Nozzles 


Data  Sheet  No. 


AFR-151  -Refrasil  Cloth  Nozzles 


hrmco  Materials  Division  also  prepared  the  AFR -151 -Refrasil 
CHOO-  3  cloth  prepreg  used  to  mold  the  nozzles.  Resin  burnoff  of 
randomly  selected  samples  showed  an  average  resin  content  of  35.  6 
weight -percent  in  this  prepreg.  Powdered  AFR-151  resin  90  percent 
advanced,  was  uniformly  added  between  plies  using  a  dry  powder  lay¬ 
up  technique.  This  extra  resin  was  required  to  obtain  40  weight - 
percent  resin  content  after  molding  and  postcure.  Two  nozzles  were 
molded  in  the  rocket  nozzle  mold  using  this  technique  and  contained 
the  required  resin. 


Hot  Gas  Flow  Specimens 
•  Data  Sheet  395a 


I1LD  -  carbon  cloth  CCA-1 


A  new  type  of  hot  gas  flow  specimen  was  requested  by  Air  Force 
Materials  Laboratory.  This  type  is  molded  from  3/8 -inch  squares  of 
impregnated  reinforcement  and  has  been  designated  as  Type  E.  Suf¬ 
ficient  carbon  cloth  was  dried  and  spatula  coated  with  91LD  resin  to 
provide  three  moldings.  After  the  normal  air  dry,  oven  dry  and  "B" 
staging,  the  material  was  blanked  into  3/8-inch  squares.  The  result¬ 
ing  molding  material  was  thoroughly  mixed  to  randomize  the  squares 
and  then  weighed  into  three  approximately  equal  charges.  Each  charge 
was  preformed  in  one  operation  to  prevent  fracture  planes.  These 
preforms  were  molded  using  the  same  conditions  previously  used  to 
mold  91LD  -  carbon  cloth  laminate  hot  gas  flow  specimens. 
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After  postcure,  the  blanks  were  cut  in  half  prior  to  machining. 

Each  piece  had  one  or  more  cracks  running  most  of  its  width.  Fur¬ 
ther,  X-ray  analysis  revealed  the  depth  of  these  cracks  extended 
almost  to  the  surface  of  th'  parts. 

These  cracks  could  be  caused  by  the  following: 

•  Air  entrapped  during  the  preforming  operation 

•  Volatiles  un?ble  to  escape  because  of  surface  case  hardening 
during  the  initial  stages  of  molding 

•  Excessively  long  "B"  staging  time  resulting  in  insufficient 
material  flow 

Two  pieces  broke  during  the  machining  operation  but  the  other 
four  were  machined  to  dimension.  These  were  shipped  tor  whatever 
value  they  may  have. 

•  Data  Sheet  395b  91LD-carbon  cloth  CCA-1 

Type  E  hot  gas  flow  specimens  were  successfully  prepared  as 
follows.  Pieces  of  carbon  cloth  were  dried  and  spatula  coated  with 
91LD  resin.  After  air  drying,  oven  drying  and  "B"  staging,  the 
material  was  blanked  into  3/8 -inch  squares.  The  prepreg  was  thoroughly 
mixed  to  randomize  the  squares  and  then  weighed  out  into  charges  for 
preforming. 

Material  was  preformed  under  high  pressure  to  minimize  the 
amount  of  trapped  air.  Additionally  the  preforms  were  vacuum  dried 
overnight  to  further  remove  volatiles.  During  molding,  a  step  cure 
was  used.  The  blanks  were  initially  cured  for  45-60  minutes  at  200 #F 
then  60  minutes  at  300 °F.  The  lower  temperature  prevented  surface 
case  hardening  during  the  initial  stages  of  molding  allowing  volatiles 
to  escape. 

X-ray  analysis  of  the  molded  blanks  revealed  no  cracks  and  after 
the  standard  postcure,  they  were  machined  into  hot  gas  flow  specimens. 

•  Pellet  Specimens 

•  Data  Sheet  No.  396  DEN  438  -  boron  fibers 

The  Air  Force  Materials  Laboratory  Project  Engineer  requested 
the  fabrication  of  three  pellet  specimens  of  DEN  438  resin  and  boron 
fibers.  These  pellets  were  to  contain  the  same  volume  percent  resin 
as  35  weight-percent  DEN  438,  65  weight -percent  carbon  cloth  specimens. 

Hughes  received  from  Air  Force  Materials  Laboratory  several 
feet  of  inch-wide  strips  of  boron  fibers  coated  with  DEN  438.  These 
strips  consisted  of  about  187  parallel  fibers,  one  fiber  thick.  Resin 
contents  were  not  supplied. 

One -inch  squares  of  fibers  were  blanked  out  and  weighed.  Soxhlet 
extractions  were  run  to  remove  the  "B"  staged  DEN  438  resin  and  to 
determine  resin  content.  Additionally,  specific  gravity  determinations 
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were  to  be  run  on  extracted  fibers  to  calculate  average  fiber  density. 
However  prolonged  extraction  with  acetone,  pyridine,  piperidine  and 
N,  N-dimethyl  formamide  did  not  completely  remove  resin  from  fibers. 
Therefore  accurate  specific  gravity  and  density  values  could  not  be 
determined. 

The  density  for  boron  fibers  used  was  selected  from  Technical 
Report  AFML-TR-65-21,  Boron  Filaments  and  Composites,  March 
1965  (Confidential).  A  five  mil  average  diameter  fiber  had  a  2.  53 
gms/cc  average  density.  Use  of  this  value  is  reasonable  since  100X 
magnification  photographs  of  molded  composites  showed  an  average 
fiber  diameter  close  to  five  mils. 

The  volume  fraction  of  a  35  weight -per  cent  DEN  438,  65  weight- 
percent  carbon  cloth  CCA-1  composite  was  first  calculate^.  From 
this,  the  resin  content  of  the  DEN  438-boron  fiber  composite  was 
determined. 


r.  •*  Weight  ,,  .  Weight 

Density  =  r,  f  a  .,  or  Volume  =  R 

7  Volume  Bensi 


ity 


For  DEN  438  resin,  D  =  1.25  gms/cc 

•  -vd  •  =  =  28.00 

Resin  1.  25 

For  Carbon  cloth  CCA-  1,  D  =  1.  84  gms/cc 

• ' •  vCloth  *  T7W  =  35'33 

VTotal  =  VR  +  VC  *  63'33 

Finally,  for  volume  fraction  of  resin, 

V  =  9?  -  o  442 

VFraction  63.  33 

Since  the  DEN  438 -boron  fiber  composite  must  have  the  same 
volume  fractions  of  resin  and  reinforcement  as  the  above,  then 

W  =  V  x  D 

Resin  Fraction  of  Resin  Resin 

=  0.442  x  1.  25  =  0.  552 

W  =  V  x  D 

BF  v Fraction  of  BF  UBF 


=  0.  558  x  2.53  =  1.412 
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W„  .  ,  =  WD  .  +  =  1.  964 

Total  Resm  BF 


Weight-Percent  of  Resin 


ttUt  x  100  =  28- 1 


The  one -inch  wide  strips  of  impregnated  fibers  were  blanked 
into  one -inch  squares  using  a  steel  rule  die,  A  layup  was  made  bv 
placing  layers  of  fibers  in  a  cold  lxl  inch  mold.  Each  layer  was 
rotated  90  degrees  to  the  one  below.  No  additional  resin  was  added 
to  the  "B"  staged  fibers  since  incomplete  resin  extraction  showed  at 
least  an  average  of  33.  7  percent  resin  content.  The  parts  were  molded 
at  300°F  for  120  minutes  at  200  psi  pressure.  Sufficient  material  was 
available  for  three  blocks. 

Specimens  are  normally  placed  in  a  275°F  oven  when  beginning 
the  standard  postcure  ("B"  Schedule).  An  hour  after  the  first  block 
had  been  placed  in  this  postcure,  an  examination  revealed  the  specimen 
had  cracked  ?  several  places.  A  possible  explanation  might  be  that 
the  greater  thermal  conductivity  of  the  boron  fibers  caused  the  part 
to  crack  when  rapidly  heated. 

The  block  was  impregnated  with  DEN  438  under  500  psi  pressure 
and  cured  in  a  press  at  300°F  for  120  minutes  at  200  psi  pressure. 

This  block  was  postcured  with  the  other  two.  The  oven  was  programmed 
from  room  temperature  to  275®F  over  16  hours,  followed  by  the  stan¬ 
dard  ("B"  Schedule)  postcure.  The  method  was  successful.  Cracks 
were  not  evident  after  postcure,  in  any  specimen. 

Pellets  were  machined  from  the  three  blocks  by  first  cutting  off 
the  corners  using  a  diamond  bandsaw.  The  diameter  of  two  specimens 
was  turned  using  diamond  tocls  and  the  parts  faced  off  using  a  Dumore 
grinder  with  a  diamond  wheel.  The  third  pellet  was  completed  by  wet 
grinding  to  see  jf  a  better  finish  resulted.  Comparison  of  dry  and  wet 
grinding  techniques  indicated  dry  grinding  to  be  slightly  better. 

Resin  content  of  the  pellets  had  to  be  calculated  differently  since 
Soxhlet  extraction  of  plies  of  inx negnated  fibers  using  various  solvents 
proved  unsuccessful.  The  approximate  weight  of  boron  fibers  in  each 
pellet  was  calculated  using  three  assumptions: 

1.  The  diameter  of  the  fibers  was  five  mils 

2.  There  were  187  fibers  per  strip# 

3.  The  density  of  the  boron  filaments  was  2.  53  gms/cc 

The  volume  of  a  single  1 -inch  long  five  mil  diameter  fiber  is: 


#  Determined  by  count  of  random  plies, 
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\r  ,  =  it r  he  (c  =  conversion  factor  from  cu.  in.  to  cc.) 

Fiber 

=  3.1416  x  0.0025  x  0.0025  x  1  x  16.39 

=  0.0003218  cc 
For  the  volume  of  a  ply  then: 

V„.  =  V_.,  x  n  (n  -  number  of  fibers  in  ply) 

Ply  Fiber 

-  0.0C03218  x  187 


=  0. 06018  cc 

The  weight  of  a  ply  is  found  by: 

W  =  n  x  V 

w Ply  ^Boron  Fibers  Ply 

=  2.53  x  0.06018 

=  0.  1522  gms 

The  weight  of  reinforcement  is: 

^Reinforcement  =  WPly  x  N  <N  =  m“nber  of  plieS  in  layup) 
For  Specimen 


#1. 

N  = 

liO.  ^Reinforcement 

0.  1522  x  110 
16.  74  gms. 

#2, 

N  = 

97  •  W 

’  Reinforcement 

= 

0.  1522  x  97 
14.  76  gms. 

#3, 

N  = 

98,  ^Reinforcement 

= 

0.  1522  x  98 
14.  92  gms. 

An  approximate  resin  content  for  each  specimen  was  then  calcu¬ 
lated  in  the  usual  manner.  These  values  were  in  turn  used  to  calculate 
the  volume  percent  voids  in  resin. 

•  Racket  Nozzle 


•  Data  Sheet  403a 


?ard  700 -Carbon  Cloth  Nozzle 


Skygard  700  prepreg  cannot  be  molded  in  the  rocket  nozzle  mold 
because  excessive  volatiles  are  trapped  in  a  closed  mold,  resulting  in 
a  poor  molding.  These  volatiles  escape  when  laminating  the  prepreg 
without  a  mola  A  laminate,  however,  must  _e  rr  >lded  in  a  laminating 
fixture  because  of  the  small  size  of  the  plies  and  tnickness  neces¬ 
sary  to  machine  nozzles.  This  fixture  keeps  plies  from  slipping  and 
spreading  during  the  initial  stages  of  molding  while  allowing  escape  of 
gases. 
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A  4  x  2-1/2  x  2-1/2  inch  Skygard  700  -  carbon  clodi  CCA-1 
block  was  laminated  using  this  technique.  The  prepreg  contained 
58.  9  weight -percent  resin  before  molding  to  compensate  for  the  large 
resin  flow  and  volatile  loss  during  molding.  Additionally,  the  plies 
were  vacuum  dried  for  16  hours  after  "B"  staging  to  remove  the  re¬ 
maining  N-methyl  2 -pyr rolidone  (NMP).  A  small  amount  of  this  high 
boiling  point  solvent  can  cause  "blow-up"  in  a  thick  laminate.  After 
molding,  the  block  was  cut  in  half  prior  to  postcure  to  minimize  the 
possibility  of  "blow-up".  After  postcure,  one  of  the  pieces  broke  in 
several  places  during  machining.  The  other  piece  was  successfully 
machined  into  a  nozzle  insert,  bonded  into  a  housing  and  shipped. 

•  Rocket  Nozzles 

•  Data  Sheet  No.  410  PH990  -carbon  cloth  CCA-1 

PH990  is  a  phosphonilrilic  -modified  phenolic  powdered  resin 
manufactured  1  y  El  Monte  Chemical  Company.  Company  literature 
recommends  tl  3  following  formulation  for  optimum  cured  properties. 

PH990  100  pbw 

Hexamethylenetetramine  10  pbw 

Magnesium  oxide  10  pbw 

Additionally,  a  cure  temperature  of  450t>.F  was  recommended 

during  molding. 

PH990  resin,  hexamethylenetetramine  and  magnesium  oxide 
were  dry  blended  per  vendor's  instructions  after  which  acetone  was 
added  for  ease  of  coating.  Carbon  cloth,  previously  dried  was  spatula 
coated,  air  dried,  oven  dried  and  "B"  staged  using  conventional  pro¬ 
cedures.  Two  blanks  were  molded  which  while  solid,  exhibited  little 
flow.  Additionally,  the  blanks  weighed  the  same  after  postcure  as 
before.  The  parts  were  then  machined  to  the  ASD  No.  4  configura¬ 
tion  and  bonded  into  nozzle  housings. 

•  Pellet  Specimen 

•  Data  Sheet  No.  413  DEN  438  -  Boron  Nitride  Fibers 

A  small  amount  of  boron  nitride  fibers  in  yarn  form  was  received 
from  the  Air  Force  Materials  Laboratory  Project  Engineer.  Sufficient 
fibers  were  available  to  mold  one  3/4 -inch  diameter  by  1/2 -inch 
pellet.  The  yarn  was  impregnated  with  DEN  438  resin  by  using  the 
"soaking"  technique.  The  required  amount  of  resin  was  thinned  with 
acetone  and  poured  over  the  clustered  yarn.  Solvent  was  then  removed 
by  vacuum  drying  ior  three  hours  and  oven  drying  for  one  hour  at 
160°F.  After  a  ten  minute  "B"  stage  at  225°F,  the  impregnated  yarn 
was  molded  in  the  3/4-inch  diameter  pellet  mold.  The  resulting  pellet 
was  postcured  and  machined  to  a  0.  502  ±0.  002  inch  thickness. 

The  machined  surfaces  of  the  pellet  showed  that  the  yarn  had 
not  been  uniformly  impregnated.  More  uniform  moldings  can  be  ob¬ 
tained  by  chopping  the  fibers  into  short  lengths  prior  to  coating. 
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•  Supersonic  Pipe  Specimens 


• 

Data  Sheet  No. 

414 

AFR  1  51 -carbon  cloth 

• 

Data  Sheet  No. 

420 

Skvgard  700 -Graphite  cloth 

• 

Data  Sheet  No. 

425 

9 1LD -carbon  cloth 

A  Skygard  700 -graphite  cloth  layup  was  molded  in  the  rocket 
nozzle  mold  for  use  as  a  supersonic  pipe  specimen.  This  method 
however  proved  unsuccessful  since  the  part  fractured  during  removal. 
Excessive  volatiles  trapped  by  the  closed  mold  caused  the  part  to  "blow 
up". 


A  5  x  3  x  2  inch  long  Skygard  700 -graphite  cloth  G1550  laminate 
was  successfully  prepared  in  the  laminating  fixture  using  the  following 
technique.  A  stack  of  5  x  3  inch  plies  was  inserted  between  the  rods 
of  the  bottom  plate.  The  hat  section  punch  preheated  to  600 "F,  was 
slipped  down  over  the  rods  until  it  rested  on  the  stack.  The  fixture 
was  placed  in  a  600°F  press  and  pressure  slowly  applied  as  the 
material  heated.  Glass  wool  insulated  the  fixture  and  prepreg  to 
help  retain  heat  and  after  resin  gelation,  full  pressure  was  applied. 

The  laminate  was  cured  for  four  hours  and  then  gradually  cooled  to 
room  temperature.  Prior  to  postcure,  the  laminate  was  cut  in  half 
to  minimize  the  possibility  of  "blow  up".  After  postcure  a  supersonic 
pipe  specimen  was  machined  from  each  half. 

The  laminating  fixture  was  also  used  to  mold  an  AFR  151 -graphite 
cloth  laminate  for  supersonic  pipe  specimens.  This  laminate  was  un¬ 
satisfactory  because  of  having  to  use  a  dry  powder  layup  with  90  percent 
advanced  resin.  The  Air  Force  Materials  Laboratory  Project  Engineer 
therefore  requested  that  the  required  specimens  be  fabricated  from 
AFR  151 -carbon  cloth  prepreg.  A  laminate  was  then  successfully  ^ 
molded  using  the  new  fixture.  Powdered  AFR  151  resin  was  not  needed 
since  the  resin  content  of  the  prepreg  was  sufficient.  The  resin  in 
this  prepreg  was  only  50  percent  advanced  and  satisfactory  flow  was 
therefore  obtained. 

The  Air  Force  Materials  Laboratory  Project  Engineer  further 
requested  supersonic  pipe  specimens  consisting  of  91  LD  resin  and 
carbon  cloth  CCA-1.  These  parts  were  fabricated  from  a  laminate 
prepared  in  the  laminating  fixture. 

•  Supersonic  Pipe  Specimens 

•  Data  Sheet  No.  418  9 1LD -graphite  cloth 

•  Data  Sheet  No.  419  9 1  LD -gra phite  cloth 

Sixteen  supersonic  pipe  specimens  were  machined  from  a  9  x 
8-1/2  x  2-1/4  inch  laminate  molded  from  91LD  resin  and  graphite 
cloth  G1550.  The  cloth  was  impregnated  with  resin  and  "B"  staged 
using  the  laboratory  coater.  For  the  first  of  two  runs,  the 
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resin  pickup  was  38.  3  weight -percent,  the  cloth  speed  being  12  inches 
per  minute.  This  speed  was  changed  to  16  inches  per  minute  for  the 
second  run  to  allow  a  greater  percent  resin  pickup.  The  run  therefore 
averaged  44.0  weight -percent  resin  content. 

Each  roll  of  cloth  was  cut  into  9  x  8-1/2  inch  plies  which  were 
then  randomized.  Ninety  plies  from  each  were  intermixed,  randomi¬ 
zed,  stacked  and  molded  in  a  press  without  a  laminating  fixture.  Such 
a  fixture  was  unnecessary  because  the  large  size  of  the  plies  tended  to 
prevent  them  from  slipping  in  the  press.  The  resin  content  of  the 
stack  prior  to  molding  was  41.  2  weight -pe rcent.  After  molding,  the 
laminate  was  cut  into  eight  pieces  to  minimize  the  possibility  of 
"blowing"  during  postcure.  Following  postcure,  two  specimens  were 
machined  from  each  segment. 

Additionally  two  supersonic  pipe  specimens  were  prepared  in 
the  rocket  nozzle  mold.  Discs  were  blanked  out  from  the  randomized 
plies  of  each  of  the  two  coating  runs.  The  discs  were  intermixed, 
randomized,  divided  into  equal  parts  and  molded. 

A  comparison  of  the  resin  contents  and  densities  of  the  molded 
specimens  with  those  of  the  machined  specimens  show  little  difference. 
The  slightly  lower  density  of  the  laminated  specimens  results  from 
the  slightly  higher  resin  content  (see  Table  15). 
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UNSUCCESSFUL  EXPERIMENTS 

■*+ 

•  Pellet  Specimens  and  Rocket  Nozzle 

•  Data  Sheet  No.  338  -91LD-rayon  silica  fabric 

•  Data  Sheet  No.  339  91LD-rayon  silica  fabric 

Rayon  silica  fabrics  received  from  Air  Force  Materials  Labora¬ 
tory  contained  a  finish  which  volatilized  at  postcure  temperatures.  To 
remove  this  finish,  the  cloth  was  soaked  in  toluene,  dried  and  weighed 
until  a  constant  weight  was  obtained.  Specimens  were  then  fabricated 
using  general  procedures. 

During  the  postcure  of  the  rayon -silica  fabric  composites,  a 
balancing  motor  burned  out  on  the  temperature  controller  regulating 
the  oven.  A  two-inch  diameter  disc  and  a  nozzle  blank  were  subjected 
to  500#F  for  an  unknown  length  of  time.  The  disc  lost  17.  0  percent  of  its 
molded  weight.  Some  loss  was  due  to  resin  volatiles  but  the  greater  loss 
was  from  pyrolysis  of  the  rayon  silica  fabric.  An  accurate  resin  content 
cannot  be  determined. 

Three  3/4-inch  diameter  pellets  were  machined  from  the  disc 
and  shipped  for  what  value  they  might  have.  Another  91  LD- rayon 
silica  fabric  composite  was  prepared. 

The  nozzle  blank  lost  1 6.  9  percent  of  its  molded  weight  during 
postcure.  The  resulting  pyrolysis  of  rayon  silica  fabric  and  resin 
weakened  the  blank.  After  the  initial  machining  operations,  the  insert 
was  bonded  into  a  housing,  to  enable  machining  to  be  completed. 

The  rocket  nozzle  assembly  was  shipped  for  what  value  it 
might  have. 

•  Pellet  Specimens 

•  Data  Sheet  No.  387  PNP  II  -  asbestos 

•  Data  Sheet  No.  388  PNP  II  -  Refrasil  Cl 00 -48 

Representatives  from  Olin-Mathieson  and  Raybestos  -Manhattan 
visited  Hughes  to  help  mold  PNP  II  (carborane)  composites.  These 
composites  consisted  of  PNP  II  -  asbestos  and  PNP  II  -  Refrasil  cloth 
nozzle  inserts.  Material  for  the  former  was  prepared  by  Raybestos- 
Manhattan  and  is  designated  as  RM  9001.  They  reported  the  impreg¬ 
nated  asbestos  had  a  resin  content  of  about  40  percent.  The  PNP  II  - 
Refrasil  clotn  composite  was  prepared  by  Hughes  using  a  dry  powder 
layup  containing  55  percent  resin  before  molding.  The  powdered  resin 
was  supplied  by  Olin-Mathieson. 
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PNP  II  -  af  estos  is  a  fluffy,  fibrous  material  with  a  very  high 
bulk  factor.  Due  to  this  high  bulk  factor,  it  was  necessary  to  preform 
the  material  at  room  temperature  in  the  mold  in  which  the  material 
was  to  be  cured.  It  was  necessary  to  use  a  multiple  loading  technique 
in  order  to  accommodate  the  entire  mold  charge.  After  each  loading, 
the  top  surface  of  the  preform  was  scratched  in  what  later  proved  to 
be  an  unsuccessful  attempt  to  prevent  the  formation  of  fracture  planes 
during  molding. 

The  mold  containing  the  preformed  material  was  placed  between 
p-ess  platens  previously  heated  to  700°F  and  a  pressure  of  6000  p?i 
was  applied  to  the  material.  The  outside  temperature  of  the  mold 
was  measured  by  means  of  an  externally  applied  thermocouple.  The 
mold  was  covered  with  glass  wool  to  minimize  heat  losses. 

About  an  hour  after  starting,  the  first  traces  of  phosphine  gas 
appeared,  bursting  into  flame  spontaneously  upon  contacting  air. 

The  material  was  estimated  to  be  between  500°  -  600oF  for  this 
phenomenon  to  take  place.  Shortly  after,  the  heating  element  in  the 
top  platen  failed.  A  muffler  heater  was  connected  to  a  variac  and 
placed  around  the  mold  to  prevent  the  temperature  from  dropping. 

The  variac  controlled  the  amount  of  heat  supplied  by  the  heater. 

.8  the  resin  flowed  and  finally  gelled  a  constant  6000  psi  pressure 
was  maintained.  However,  after  gelation  the  heaters  in  the  bottom 
platen  tailed  and  a  second  muffler  heater -variac  combination  was  used 
to  keep  up  *he  temperature.  This  temperature  could  only  be  estimated 
from  the  outside  since  the  mold  had  not  been  equipped  to  allow  measure¬ 
ment  of  internal  temperature.  The  inside  temperature  probably  did  not 
exceed  700  F.  The  part  was  cured  for  four  hours  and  allowed  to  cool 
overnight. 

The  blank  broke  along  a  fracture  plane  during  removal  from  the 
mold.  Unfortunately,  neither  piece  was  large  enough  to  be  machined 
into  a  nozzle.  However,  the  pieces  were  large  enough  to  be  machined 
into  3/4-inch  diameter  pellet  specimens. 

The  PNP  II  -  Refrasil  C 100 -48  nozzle  was  prepared  using  a  dry 
powder  layup  with  a  resin  content  of  55  percent  before  molding.  Pres¬ 
sure  was  maintained  on  the  part  at  6000  psi  while  heating  the  mold  to 
7G0CF.  Evolution  of  phosphine  occurred  about  1-1/2  hours  after  start¬ 
ing.  Ters  cinutes  later,  the  resin  started  to  flow  and  a  rapid  drop  in 
pressure  occurred.  Pressure  must  not  be  relieved  at  this  critical 
stage  or  the  evolution  of  gas  gets  out  of  hand.  Therefore  pressure 
was  reapplied  causing  the  resin  tr  continue  to  flow.  This  flow  under 
pressure  continued  until  the  punch  landed  on  the  mold.  Further  flow 
then  resulted  in  a  complete  loss  of  pressure  on  the  part.  A  few  min¬ 
utes  later,  the  resin  gelled  and  the  cure  continued  for  60  minutes  at 
700 *F  followed  by  60  minutes  at  800 "F.  The  mold  was  then  cooled  to 
room  temperature  overnight.  The  following  morning  the  blank  broke 
into  three  pieces  while  being  removed. 


Per  instructions  of  Olin -Mathieson,  the  surface  skin  was  re¬ 
moved  from  the  pieces  of  both  composites  prior  to  postcure.  These 
pieces  were  then  placed  in  an  oven  and  postcured  in  air  using  the  fol¬ 
lowing  schedule  recommended  by  Olin -Mathieson. 

•  16  hours  from  x  ooir.  temperature  to  250°F 

•  12  hours  at  250 °F 

•  250®  to  800®F  at  a  rate  of  50°F  every  12  hours 

•  24  hours  at  800®F 

•  Cooling  to  room  temperature  before  removal  from  oven 

The  PNP  II  -  asbestos  appeared  to  be  a  tough  solid  composite 
after  postcure.  Using  the  prepreg  resin  content  value  supplied  by 
Raybestos -Manhattan,  the  final  resin  content  was  36.4  percent.  The 
resin  content  of  the  PNP  II  -  Refrasil  composite  could  not  be  calculated. 
Sufficient  small  pieces  had  been  lost  when  the  blank  was  removed  from 
the  mold  to  make  the  original  reinforcement  weight  inaccurate.  Addi¬ 
tionally  the  spongy  nature  of  the  composite  made  a  density  measure¬ 
ment  meaningless. 

Three  3/4-inch  diameter  pellets  were  machined  from  PNP  II  - 
asbestos.  Two  other  pellets  were  machined  from  PNP  II  -  Refrasil 
C100-48  cloth.  The  latter  were  forwarded  to  Air  Force  Materials 
Laboratory  only  for  informational  purposes. 

•  Pellets 


Polyhydroxy  phenyl  resin  .pecimens  cam  n  be  molded  with 
reinforcements.  At  85J°-900rF  the  resir  a^r.-  fuses  into  a  hard 
tough  molding.  In  combination  v  ith  carbon  cloth,  the  resin  did  not 
appear  to  wet  the  cloth  or  bond  Molding  resulted  in  what  appeared 
to  be  individual  plies  of  cloth  and  powdered  resin.  The  Air  Force 
Materials  Laboratory  Project  Engineer  then  requested  the  resin  be 
used  with  various  types  of  Refrat-il  cloth.  Parts  were  attempted 
with  ClhO-48  cloth,  C100-28  cloth  and  ’'Irish  Refrasil"  cloth.  The 
first  -wo  attempts  yielded  a  mixture  of  plies  of  "black  fabric"  inter 
spersed  with  a  white  powder.  The  last  attempt  resulted  in  a  mixture 
of  "black  fabric"  and  green  powder.  At  this  point,  the  explanation 
was  obvious.  The  "black  fabric"  was  fused  poiyhydroxy  resin  which 
contained  the  imprint  of  the  cloth.  This  resin  did  not  wet  or  pene¬ 
trate  any  type  of  clot’  used.  When  fused,  the  resin  ground  the  cloth 
plies  to  powder  unuer  the  pressure  applied.  In  the  carbon  cloth  speci¬ 
men,  the  black  powdered  cloth  had  been  mistaken  for  the  resin  because 
the  fused  resin  contained  the  imprint  of  this  cloth. 


MISCELLANEOUS  NOTES 


•  Rocket  Nozzle 

•  Data  Sheet  No.  386  DEN  438-Refrasil  cloth  C100-48 

A  nozzle  was  molded  of  DEN  438  and  Refrasil  cloth  C100-48 
and  contained  42  weight -percent  of  resin  before  postcure.  After  post  ¬ 
cure,  large  cracks  were  present  between  plies.  Examination  of 
X-rays  revealed  several  cracks  penetrated  almost  completely  through 
the  molding. 

A  second  blank  was  molded  but  the  resin  content  of  the  prepreg 
was  held  to  39.  1  weight -percent.  Additionally,  the  prepreg  was  "B" 
staged  for  60  minutes  to  keep  resin  flow  to  a  minimum.  Cracks  were 
not  present  after  postcure  of  this  second  part  Lower  resin  content 
and  more  advanced  material  resulted  in  a  satisfactory  nozzle. 

•  Pellet  Specimens 

•  Data  Sheet  No.  389  91LD-rayon  silica  fabric 

These  specimens  are  replacements  for  the  pellet  specimens 
shipped  on  Data  Sheet  No.  338.  The  other  specimens  were  subjected 
to  500°F  for  an  unknown  length  of  time  after  the  balancing  motor  of 
a  temperature  controller  failed. 

•  Pellet  Specimen 

•  Data  Sheet  No.  390  91 LD -fused  silica  fabric, 

coated  with  pyrolytic  carbon 

Sufficient  material  was  available  for  only  two  pellets.  These 
were  molded  individually  in  the  3/4 -inch  diameter  pellet  mold. 

•  Rocket  Nozzles 

•  Data  Sheet  No.  402  DEN  438  -  carbon  cloth 

No  problems  were  encountered  in  molding  DEN  438 -carbon  cloth 
nozzle  blanks  containing  30  weight-percent  resin.  However  these 
blanks  "blew  up"  when  subjected  to  the  standard  postcure*.  Post- 
curing  to  400°F  using  an  extended  schedule  (100  hours  from  275°  to 
400<>F)  did  not  help  since  specimens  still  cracked.  DEN  438  is  not 
a  high  temperature  resin.  After  prolonged  periods  at  elevated  tempera 
ture,  escaping  volatiles  might  easily  fracture  the  weakened  resin.  A 
considerably  shorter  postcure  was  run  on  one  cylindrical  blank  to 
determine  if  this  would  eliminate  the  cracking  The  part  did  not  blow 
up.  Two  additional  blanks  were  then  successfully  postcured  using  the 
same  schedule. 


*18  hours  at  275 °F,  72  hours  from  275°  to  400°F,  four  hours  at 
400  F,  seven  hours  coding  to  below  200 °F. 


m 


This  postcure  cycle  is  as  follows: 

275  "F  17  hours 


275°  -400®F 
400  °F 
400°  -200#F 


6  hours 
1  hour 

7  hours 


The  cylindrical  blanks  were  machined  to  ASD  No.  4  configura¬ 
tion.  However,  the  0.  500  inch  throat  dimension  of  the  No.  2  specimen 
wai  inadvertently  machined  to  0.  515  inch,  0.  005  inch,  over  the 
allowable  tolerance.  This  nozzle  insert  and  the  No.  1  insert  were 
bonded  into  housings  and  shipped.  A  replacement  was  made  for  the 
No.  2  specimen. 

A  third  rocket  nozzle  blank  was  1.3  weight-percent  over  the 
allowable  resin  content.  The  Air  Force  Materials  Laboratory  Project 
Engineer  requested  this  part  be  shipped  without  machining,  as  an 
extra  specimen. 


Rocket  Nozzles 
•  Data  Sheet  No.  406 


Polyphenylene -carbon  cloth  CCA-1 


Resin  batch  B2353-58  was  used  to  spatula  coat  the  carbon  cloth. 
This  batch  was  a  blend  of  six  batches  and  was  an  attempt  to  duplicate 
batch  B2353-42  as  requested. 


Laminates 

•  Data  Sheet  No.  437 


Data  Sheet  No.  441 


Phenylphenol  phenol  formaldehyde 
graphite  cloth  laminate 


9 1LD -graphite  cloth  laminate 


Laminates  were  made  with  phenylphenol  phenol  formaldehyde 
impregnated  graphite  cloth  and  91LD  impregnated  graphite  cloth  using 
general  procedures.  However,  these  laminates  were  cut  into  smaller 
pieces  to  prevent  "blow-up"  during  postcure.  The  total  weight  of  cut 
pieces  was  measured  for  each  laminate  and  new  reinforcement  weights 
calculated.  These  weights  were  determined  by  finding  the  percent  • 
reinforcement  in  the  laminates  before  postcure  and  multiplying  this 
percentage  by  the  weights  of  the  cut  pieces. 


MATERIAL  STUDIES 


Polyphenylene  Postcure 

A  test  laminate  containing  25  weight-percent  resin  was  prepared 
from  polyphenylene  and  E  glass.  Twenty-five  l/2  x  1/2  inch  specimens 
were  cut  from  this  laminate.  These  specimens,  in  groups  of  five,  were 
postcured  in  helium  at  temperatures  of  450°,  500°,  600  ,  700°  and  800°F. 

The  following  tables  give  the  dimensional  changes  and  weight  loss 
for  the  postcured  specimens  and  the  postcure  cycles. 

The  percent  weight  loss  at  500°  and  600°F  is  almost  identical. 

The  loss  at  700°F,  however,  is  more  than  double  the  loss  at  600°F. 
Additionally,  the  first  signs  of  resin  burnoff  exposing  the  cloth  are 
visible  at  700°F.  Based  on  these  results,  600°F  was  selected  as  the 
maximum  postcure  temperature 

A  rocket  nozzle  insert  blank  was  then  postcured  to  600°F,  but 
the  blank  severely  blistered  and  contained  large  cracks.  The  maxi¬ 
mum  postcure  temperature  was  dropped  to  550°F  and  blistering  and 
de lamination  were  eliminated. 

TABLE  1.  POSTCURE  SCHEDULES 


Maximum 

Temperature 

Temperature  Schedule 

450°F  (control) 

18  hra  at  275°F,  72  hrs  from  275°  to  450  Ft  6  hra  at  450°F,  7  hrs  cooling  to  below  200°F 

500°F 

10  hra  at  275°F,  90  hra  from  275°  to  500°F,  7  hra  cooling  to  below  200°F 

600°p 

18  hra  at  275°F,  130  hra  from  275°F  to  600°F,  7  hra  cooling  to  below  200°F 

700°F 

18  hrs  at  275°F,  170  hrs  from  275°F  to  700°F,  7  hrs  cooling  to  below  200°F 

S00°F 

18  hra  at  275°F,  210  hrs  from  275°F  to  800°F,  7  hrs  cooling  to  below  200°F 

TABLE  2.  DIMENSIONAL  CHANGES  AND  WEIGHT  LOSS  FOR. 

POSTCURED  SPECIMENS 


Specimen 

Numberj 

Before  Postcure 

Postcure 
Temp  *F 

After  Postcure 

%  Wt2 
Loss 

Length 

Inches 

Width 

Inches 

Thickness 

Inches 

Length 

Inches 

Width 

Inches 

Thickness 

Inches 

la 

0.  1288 

450 

(Control) 

0.  5022 

0.  1288 

0.  98 

lb 

0.5021 

0.  5069 

.  1270 

0.  5021 

0.  5069 

0.  1270 

2a 

0.  1289 

500 

0.  5031 

I'JB'IHi 

0.  1289 

2  35 

2b 

0.  5041 

PEHU 

0.  1299 

1  5641 

EMlfl 

■mai 

3a 

0.5051 

CEEE1 

0179 

600 

T.  5051 

wawm 

0.  1272 

2.  41 

3b 

■'J**M'* 

1 1— 

4a 

Hffll 

MAUI 

0. 1031 

7C0 

0.  5030 

0.  5050 

0.  1027 

5.  60 

4b 

K'fft-141  H 

■JLiilfli 

0.  5041 

0.  1026 

5a 

0.  5038 

nran 

800 

■KVEfli 

0.  1236 

7.  21 

5b 

0.  5055 

0.  5002 

0. 1249 

0.  5054 

0.  5001 

0.  1237 

*Two  specimens  in  each  group  were  randomly  selected. 
2Based  on  total  weight  loss  for  five  specimens  in  group. 
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APPENDIX 

formulations  used  with  multipart  resin  systems 


Material 


Parts  by  Weight 


DEN  438 


DEN  438  Resin  100 

Methyl  Nadic  Anhydride  100 

Benzyl  Dimethyl  Amine  1 

QZ8-0903 


QZ8-0903  Resin  100 

Methyl  Nadic  Anhydride  102 

Benzyl  Dimethyl  Amine  1 

R  -7146 

R -7 146  Resin  100 

Dicumyl  Peroxide  3 


Sylgard  182 

i 

Sylgard  182  Resin  100 

Sylgard  182  Curing  Agent  10 


PH990 


PH990  Resin 
Hexamethylenetetramine 
Magnesium  Oxide 


100 

10 

10 


RESIN  SYNTHESES 


All  resins  were  synthesized  by  the  Chemical  Synthesis 
Group  of  the  Materials  Technology  Department  under 
the  direction  of  Dr.  Norman  3ilow. 


A  solution  of  sodium  hydroxide  (80  g.  ,  2  mole)  in  water  (ZOO  ml) 
was  added  slowly  to  a  slurry  of  Z,  Z -bis(p -hydroxyphenyl)  propane  (456  g., 
Z  mole)in  formalin(37  percent  CH20,  716  g.  ,  8.  8  mole).  The  tempera¬ 
ture  was  maintained  at  55°C  for  11  hours.  After  cooling  and  acidifying 
the  solution  to  a  pH  of  3.  5  the  orecipitated  polymer  was  collected  by  fil 
tration  and  thoroughly  dried  in  a  vacuum  oven.  The  resin  was  dissolvec 
in  ethanol  and  sufficient  phenol  formaldehyde  homopolymer  was  added  to 
yield  a  lacquer  containing  51.  Z  percent  Z,  Z-bis  (p -hydroxyphenyl)  pro¬ 
pane  formaldehyde,  Z1.4  percent  phenol  formaldehyde  and  Z7.  4  percent 
alcohol. 


Abchar  413 
Batch  No.  DZ353  -51 


100  gm  of  polyphenylene  were  slurried  in  cold  tetrachloroethane 
(100  cc)  and  were  then  warmed  slowly  toward  reflux  (3  different  batches 
were  mixed,  but  all  were  soluble  in  chlorobenzene  and  insoluble  in 
20  percent  benzene  +  80  percent  hexane h  When  it  began  to  appear  too 
viscous  trichloroethylene  (100  cc)  was  added  while  stirring  constantly. 
After  all  polymer  was  in  solution,  reflux  continued  for  1-Z  hours  then 
ZOO  ml  CHC13  were  added.  A  solution  of  the  curing  agent  was  pre¬ 
pared  from  xylyleneglycol  (3  5  gm),  p-toluene  suifonic  acid  (10.5  gm) 
and  chloroform  (350  ml)  by  refluxing  the  mixture  for  24  hours  while 
removing  water.  The  curing  agent  solution  was  added  to  the  poly¬ 
phenylene  solution  and  the  mixture  was  heated  at  reflux  for  24  hours. 
The  lacquer  was  excellent. 


Polyphenylene  (Abchar  412) 


Batch  No.  B2353-58* 

Polyphenylene  ^92.  5  g)  (chlorobenzene  soluble  type)  was  dissolved 
in  tetrachlorethane  (140  ml)  trichloroethylene  (74  ml)  and  1,1,1- 
trichloroethane  (40  ml).  The  solution  was  heated  at  reflux  for  30  hours 
then  a  solution  of  curing  agent  was  added.  The  latter  was  p  -ared  from 
recrystallized  xylyleneglycol  (44.8  g),  p-toluene  sulfonic  acid  monohy¬ 
drate  (13.4  g)  and  chloroform  (470cc)  by  refluxing  them  for  22  hours 
while  removing  water.  The  polyphenylene  -xylyleneglycol  mixture  was 
then  heated  at  70° C  for  20  hours  while  stirring  constantly. 

Six  batches  were  prepared  and  blended.  Slightly  shorter  reaction 
periods  were  used  than  when  preparing  B2353-42.  A  new  supply  of  re - 
crystallized  xylylene  glycol  was  found  to  be  more  reactive  than  that 
previously  available. 


Abchar  700 

This  polymer  is  the  intractable  polyphenylene  isolated  from  run 
C1414-27  reported  in  AFML-TR -65 -8. 


Polyphenylene  U  ted  In  Lacquers 
Batch  Nos.  C1414-68-1  and  67-1 

One  (1)  mole  biphenyl  and  1  mole  of  terphenyl  were  melted  together 
at  110°C.  A  mixture  of  4  mole  of  CuCl;*  and  2  mole  of  aluminum  chlor¬ 
ide  was  then  added  gradually.  After  several  hours  the  crude  reaction 
mixture  was  treated  with  concentrated  hydrochloric  acid  and  thereafter 
was  washed  with  water.  After  drying,  the  crude  product  was  thoroughly 
washed  with  a  hot  mixture  of  benzene  (20  percent) and  naphtha  (80  percent). 
When  this  wash  was  completed  the  polymer  was  extracted  with  hot  ben¬ 
zene,  then  with  hot  chlorobenzene.  These  benzene,  and  chlorobenzene 
soluble  fractions  were  recovered  "by  vacuum  drying.  Four  Dortions  had 
the  following  melting  points:  160-175°,  168-203°,  172-222°,  and  173- 
196"C.  These  portions  were  thoroughly  mixed  and  were  used  in  pre¬ 
paring  lacquers. 

This  polyphenylene  has  a  somewhat  lower  molecular  weight  than 
that  of  the  polyphenylene  usually  used  in  Abchar  412,  413,  and  414.  It 
was  synthesized  by  the  standard  Hughes  process  but  was  prepared  for 
Hughes  by  a  subcontractor. 


*This  batch  is  a  special  modification  attempting  to  duplicate 
Batch  No.  B2353-42, 


Polyphenylene  (i 000 -1500  MW) 


»(Abchar  412  Resin  -  Special  Solvent) 
Batcn  No.  C-1414-67-1 


Solution  A:  Combined  50  g  p-xylylene  glycol 

16.7  g  p -toluene sulfonic  acid 
500  ml  chloroform 

Refluxed  with  stirring  for  20  hours.  Water  removed  with 
trap.  Weight,  793.  3  g. 

Solution  B:  Added  103.  2  g  polyphenylene  to  stirred  155  ml  of  1,  1,  2,  2- 
tetrachloroethane  in  small  portions.  Refluxed  1  hour  at 
135 -140 °C.  Added  82  ml  trichloroethylene  and  44  ml 
1,  1,  1 -trichloroethane.  Refluxed  26  hours. 

Added  Solution  A  to  Solution  B  and  refluxed  for  20  hours  at  69  ±  1  °C 
with  stirring. 


Polyphenylene  Resin  (1000-1500  MW) 
(Abchar  413;  Batch  C-1414-68-1) 


Solution  A:  Combined  70  g  p-xylvlene glycol 

23.  3  g  p -toluene sulfonic  acid 
700  ml  chloroform 

Refluxed  with  stirring  for  20  hours.  Water  removed  with 
trap.  Weight  1113.  1  g. 

Solution  B:  Added  210  g  polyphenylene  to  stirred  315  ml  of  1,  1,  2,  2- 
tetrachloroethane  in  small  portions.  Refluxed  for  1  hour 
at  135 -140 *C.  Added  945  ml  trichloroethylene.  Refluxed 
for  about  4  hours. 

Added  Solution  A  to  Solution  B  and  refluxed  for  20  hours  at  76-78°C 
with  stirring  during  most  of  this  period. 


♦  This  resin  is  the  same  as  Batch  2353-42. 


i 


p-Phenylphenol  Phenol  Formaldehyde  Resin 
♦Batch  No.  (C -1414 -69 -1) 


A  slurry  was  prepared  by  adding  244  gm.  formalin  (37%  formalde¬ 
hyde  solution)to  340  gm.  p-phenylphenol,  80  gm.  sodium  hydroxide  in 
180  ml  water  and  200  ml  methanol.  When  the  slurry  was  heated,  it 
became  a  homogeneous  solution  and  an  exothermic  reaction  took  place. 
Heating  was  continued  as  required  to  maintain  a  temperature  of  7  1  ±  2°C 
for  8  hours.  During  this  time  a  precipitate  formed  twice,  and  each  time 
100  ml  of  water  was  added  to  dissolve  the  solid  material  and  keep  every¬ 
thing  in  solution.  This  occurred  at  1  hour  20  minutes  and  3  hours  45 
minutes  from  the  start  of  heating.  When  the  period  of  heating  was  com¬ 
pleted,  the  solution  was  neutralized  with  6N  hydrochloric  acid  to  a  pH  of 
5.  The  precipitated  product  was  collected  and  dried,  first  in  air  for  4 
days,  then  in  a  vacuum  over  Drierite  for  1  day.  Weight,  400.  4  g. 

The  product  was  dissolved  in  100  ml  ethanol,  150  ml  benzene,  and 
500  ml  acetone.  After  the  solution  was  warmed  and  filtered,  it  was 
blended  with  1206  g.  91  LD  containing  64  percent  solids,  and  100  mi 
benzene  was  added.  Solvent  was  then  removed  by  distillation  from  the 
stirred  solution  over  a  period  of  1  hour,  during  which  time  the  boiling 
point  rose  from  74°C  to  101°C.  The  cooled  product  was  the  desired 


2,  7  -Dihydroxynapththalene  Phenol  Formaldehyde 


♦♦Batch  No.  C2943-1  (Abchar  200) 


A  mixture  of  2,  7 -dihydroxynapththalene  (36C  g.  ,  2.  25  mole), 
phenol  (635  g.  ,  6.  75  mole),  formalin  (1017  g. ,  37  percent  CH2O,  12.  5 
mole),  and  barium  hydroxide  octahydrate  (42  g. )  was  heated  s  c  70  °C 
for  2  -2-1/4  hours.  The  solution  was  then  cooled,  neutralized  with 
dilute  sulfuric  acid  (10  percent).  Water  was  removed  from  the  solution 
by  heating  under  vacuum  (max.  temperature  70eC).  Alcohol  was  then 
added  and  the  product  again  dried  under  vacuum.  A  phenol  formalde¬ 
hyde  prepolymer  (180  g.  ,  64  percent  solids  or  115  g.  solids)  was  added 
to  the  resultant  lacquer.  The  final  product  weighed  1560  g.  and  was  77 
percent  solids. 


♦  This  batch  of  resin  is  similar  to  Batch  B2353-35  used  to 
prepare  specimens  listed  on  Data  Sheet  No.  290. 

♦♦This  batch  of  Abchar  200  is  similar  to  Batch  B2353-36  used  to 
prepare  the  specimens  listed  on  Data  Sheet  No.  291. 
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